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Summary
Objectives: To assess the collective hearing hazard entailed by occupational noise exposure.
Methods: The Late Audio-Sonometric Index (LASI) is a global score recommended for following
up hearing loss in groups of workers exposed to traumatic noise, combining: daily noise exposure
level (LEX,8h in dB(A)); individual hearing threshold level at 3 kHz (HTL 3kHz in dB); HTL0 3 kHz
targeted at retirement; and 5 (or 10) years age bracket between 50 and 59 years of age.
LASI =HTL0 3kHz —HTL 3kHz + 10 log (age—20)—10 log (0.23× LEX,8h — 17.36).
Results: When LEX,8h exceeds 80 dB(A) and HTL0 3kHz is at 25 dB, occasional audiometric surveil-
lance may be recommended for workers exposed to hazardous impulse noise: e.g., should the
median and the mean LASI values fall below 20 for men or 23 for women (indicative threshold
values).
Conclusion: This exponential model thus integrates the fact that daily exposure to impulse noise
may be more harmful for hearing than eight hours exposure to continuous noise of equivalent
energy.
© 2010 Elsevier Masson SAS. All rights reserved.
Abbreviations: Yw, Total number of years currently worked = (present age—20 years); Ppeak, Peak sound pressure, in dB(C): maximum
value of the C-frequency-weighted instantaneous sound pressure; LEX,8h, Daily noise exposure level, in dB(A): time-weighted average of
the noise exposure levels for a nominal eight-hour working day; DA, Advised dose; DR, Received dose (in Joules over an eight hours period);
Z, Epidemiological parameter representing the hazard associated with a given daily noise exposure; EHTLI3,4,6 kHz (Early HTL Indicator),
= (HTL 3 kHz +HTL 4 kHz +HTL 6 kHz)/3; HTL 3kHz, = 10 log P3 kHz =mean HTL 3 kHz (mean Hearing Threshold Level at 3 kHz); Mean HTL
3 kHz, = (present HTL at 2 kHz + present HTL at 4 kHz)/2; Mean HTL 3 kHz standard, Mean HTL 3 kHz adjusted to an age of 35 years; HTL0
3kHz = 10 log P0 3kHz, Median socially acceptable hypoacusis at retirement. A 3 kHz hearing threshold of 25 dB at the age of 60, exclusively
involving presbycusis, is reached or exceeded by only 39% of men and 18% of women; HEG, Homogeneous Exposure Groups; LASI, Late
Audio-Sonometric Index.
E-mail address: peter.forget@laposte.net
1879-7296/$ – see front matter © 2010 Elsevier Masson SAS. All rights reserved.
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Introduction occupational noise exposure
regulations
The European Directive 2003/10/EC was transposed into
French law under Decree 2006-892, dated July 19, 2006.
For the following exposure action values, occupational
sound exposure regulations do not take account of attenu-
ation achieved by the use of individual hearing protectors
made available to workers if the lower exposure action
values (triggering preventive action) are reached by an
LEX,8h exceeding 80 dB(A) or a Ppeak greater than 135 dB(C);
above these thresholds, employees may, at their own or
their occupational physician’s demand, undergo comple-
mentary examination to detect any hearing loss potentially
implicating noise [1—3].
Above the upper exposure action values [LEX,8h > 85 dB(A)
or Ppeak > 137 dB(C)], employees are entitled to increased
health surveillance, including periodic audiometric exami-
nation.
Taking account of attenuation achieved by the use of indi-
vidual noise-protectors, the exposure limit values are now
set at a daily noise exposure level of 87 dB(A) and peak sound
pressure of 140 dB(C).
Methodology
Ear performance
By analogy with the estimation of the performance of used
electronic circuits in a hearing aid, it can be hypothesized
that the acoustic energy threshold for sensory hair cells after
acoustic trauma should by precaution be diminished, thus
reducing the daily sound exposure level received [4,5]:
DA = DR × exp— [(ln DR × Z×HTL 3kHz/HTL0 3kHz ×YW)× 40
years’ sound exposure].
From this exponentially decreasing relation, a mean time
can be derived, corresponding to the LASI; with Z arbitrarily
set at Z = 1:
LASI = 10 log [(HTL0 3kHz ×YW)/(Z× ln DR ×HTL 3kHz at
present)].
LASI = HTL0 3kHz —HTL 3kHz + 10 log (age—20)—10 log
(0.23× LEX,8h — 17.36).
LASI at 60 years in 50% of males exposed to
LEX,8h = 80 dB(A), if HTL0 3kHz = 25 dB:
LASI = 25 —20.8 + 10 log (60 — 20) —
10 log (0.23× 80 — 17.36) = 20.
LASI at 60 years in women, if LEX,8h = 82.5 dB(A) and HTL0
3kHz = 25 dB:
Median LASI = 25—15.1 + 10 log 40 —
10 log (0.23 × 82.5 — 17.36) = 23.
Epidemiologic considerations
Based on their analysis of a survey of occupational noise
issues, Lafon and Duclos [6,7] suggested deﬁning a stan-
dard HTL at 3,000Hz. For employees under 55 years of age
who had spent more than one-third of their working life in
the noisy workshop considered in the study, mean HTL 3 kHz
standard (adjusted to the age of 35 years) can be derived
from a convergent linear chart: if mean HTL 3 kHz at 55 years
n
d
r
s15
s 45 dB, mean HTL 3 kHz standard will be 30 dB. They found
signiﬁcant correlation for stable noise:
Mean HTL 3 kHz standard at 35 years
in dB) = 0.688× sound level in dB(A)—43.326.
In the 16th century, Montaigne wrote, concerning the
arly harquebus guns: ‘‘Fire arms have so little effect,
xcept for astounding the ear, that their use will soon be
bandoned’’. An impulse noise, according to the AFNOR [1],
s ‘‘a noise comprising one or more impulses of acoustic
nergy, of a duration of about less than 1 second each,
eparated by intervals of more than 0.2 seconds.’’ In the
ase of certain impulse sounds of high peak sound pressure,
hysical isoenergy does not always mean equal otological
azard, as this type of high-energy noise is able to cause
lmost instantaneous irreversible histological damage [8,9];
or example, stereocilium rupture has been reported at peak
ound pressures exceeding 130 dB. Hearing damage caused
y impulse noise from gunshots [10—13] was assessed in 755
amekeepers, without ENT history, aged between 20 and 62
ears (mean, 42.5 years; median age, 44 years; median time
n job, 18.7 years): ‘‘Hearing loss was signiﬁcantly greater
n the left ear (median EHTLI 3,4,6 kHz = 25 dB) than in the
ight (median EHTLI 3,4,6 kHz = 20 dB; P < 10−4). Hearing loss
n one or both ears was signiﬁcantly greater than in a control
opulation, independently of age (P < 0.05)’’.
etermining the principal LASI factors
etrology [14]
n a non-noisy working environment, the exposimetric DR is
ssumed to be less than LEX,8h = 80 dB(A). Applying the prin-
iple of equal energy, exposure time is doubled when sound
ntensity is reduced by 3 dB(A):
80 dB(A) for eight hours = 28,800 s× 100.1 × (80—120)/
00.1 × (86—120) = 86 dB(A) for 7,234 seconds per day, ﬁve days
ut of seven (weekly noise exposure level).
sychoacoustic parameters
nnual auditory impairment rate (presbycusis and hypoacu-
is): (HTL3kHz/Yw).
Mean HTL0 3kHz: how can an acceptable limit be deﬁned
or socioacusis at retirement? In a population without severe
tologic history or occupational noise exposure [1], medial
onal hearing loss at 3,000Hz at the ages of 50 and 60 years
as assessed at respectively 7.6 dB and 13.2 dB in women,
nd respectively 11.7 dB and 20.2 dB in 50% of men. A group
f healthy subjects aged between 50 and 59 years seen
n 2004—2005 in a hospital ENT department [15] showed
mean 3 kHz hearing loss of 20 dB in men and 16.8 dB in
omen; mean normal LASI was thus equal to or greater than
3 in women and 20 in men.
udio-Sonometric survey results
transversal preliminary statistical survey [16,17] investi-
ated the correlation between age and hearing loss in two
on-randomized populations of 37 employees of either gen-
er, aged between 30 and 59 years (means, 47 and 47.5 years
espectively; SD approx± 8 years) (Fig. 1).
For practical application, two non-representative sub-
amples were established for the two series of some 20
16
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Rigure 1 Temporal linear regressions of mean HTL at 3,000Hz
nd EHTLI 3,4,6 kHz for 37 musicians (string section) in several
lassical orchestras.
ubjects each (mean age, 53 years; range, 50—59 years) with
ongstanding noise exposure exceeding the lower or upper
xposure action values;
LEX,8h < 82.5 dB(A): in string-section orchestral classical
musicians. Mean HTL 3 kHz standard (between 35 to
55 years) = 12.1 dB, SD± 7.5 dB. Median EHTLI 3,4,6 kHz
at 55 years (eight musicians aged between 52.5 and
57.5 years) = 19 dB. Median LASI (50 to 59 years;
HTL0 = 25 dB) = 23.3; mean LASI = 21.7, SD± 11.1. The
median LASI value was less sensitive to extremes than the
mean;
LEX,8h > 85 dB(A): bilateral LASI for workers in various
jobs, declared by their employers as being under
‘‘increased health surveillance’’ for acoustic hazard.
Median LASI < 17.
rgoacoustic discussion
he authors of an experimental study [18—21] of the
levated risk associated with impulse noise compared
o continuous noise of equivalent energy suggested
verestimating the results of impulse sonometry
press shock or hammering noise) by adding a mean
orrection factor of +5 dB(A), with a range of +3
o +8 dB(A).
According to Cosset [22], a study of the effect of exposure
uration in employees exposed to impulse noise found that
he number of cases of hearing loss leading to compensation
orresponded to that predicted by the NF S 31-013 model for
urations less than 25 years, on condition that a correction
actor greater than 5 dB was applied to take account of the
mpulse nature of the noise.
A transversal epidemiological study was conducted in
factory [23] on a sample of 56 workers (mean age,
9.5 years; SD± 3.9 years) with a mean 17.9± 1 years’
xposure to various peak sound pressures of between
07 and 126 dB(A), for sound levels between 87 dB(A) and
0 dB(A). Observed hearing loss was compared to NF S 31-
13 predictions: ‘‘Comparison of these curves shows that,
or frequencies between 2 and 4 kHz, the hearing levels
bserved in the study were very close to the estimates pro-P. Forget
ided by the standard for exposure to continuous noise of
5 dB(A)’’.
ssessment of collective acoustic hazard in a
rm
he occupational physician will monitor the audiological
volution [24,25] of workers carrying out similar tasks and
llocated to HEG. Individual HTL 3 kHz standard and EHTLI
,4,6 kHz will be calculated by deﬁned 5-year age brackets
± 2.5 years). If numbers are too small, a 10-year (50—59
ears) grouping will be used, to compare LASI and reference
alues [1].
Examples:
Men: LEX,8h = 83 dB(A); HTL0 3kHz = 25 dB; median
ASI = 20.1 at 55 years.
Women: LEX,8h = 84.7 dB(A); HTL0 3kHz = 25 dB; median
ASI = 23.1 at 55 years.
In conclusion, the occupational physician should deonto-
ogically estimate the epidemiological interaction between
resbycusis and occupational hypoacusis in a ﬁrm. In coordi-
ation with an ENT specialist, he or she will assess collective
udiologic indices (median EHTLI 3,4,6 kHz, mean HTL 3 kHz
tandard) in a given workshop. LASI (mean and median)
oncerns employees in their ﬁfties; this score includes a vari-
ble metrological weighting that enhances the speciﬁcity of
udiometry results in HEGs of workers with severe and/or
xtended exposure to lesion-inducing noise.
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